The coronavirus disease-2019 (COVID-19) pandemic has overwhelmed health care systems internationally, prompting difficult decisions and ethical dilemmas over resource allocation ([@bib1]). In-person health care encounters have been restricted to reduce exposures to patients and providers. These restrictions are particularly relevant to patients with cancer and/or cardiovascular disease (CVD) who have a greater risk of infection and worse outcomes with COVID-19 ([@bib2]). We must therefore reconsider which in-person encounters, including imaging tests, are essential; that is, where the risk of undetected CVD outweighs the risk of potential infection.

The goal of this viewpoint was to provide general guidance, based on available evidence, regarding the role of routine cardiac surveillance during this pandemic ([@bib1]). These are not societal guidelines, and recommendations may change as the pandemic evolves.

Overarching Principles With Cardiac Surveillance During COVID-19 {#sec1}
================================================================

Although cardiac imaging surveillance through cancer treatment is a pillar of cardio-oncology practice, it is important to recognize that most recommendations are based on expert consensus. Many routine tests have relatively low yield for detecting abnormal findings or modifying clinical care in asymptomatic patients ([@bib3]). Thus, it may be possible to adopt temporary measures during this pandemic that strike a balance between the early detection and prevention of cancer therapy--related cardiac dysfunction (CTRCD) and risk of COVID-19 transmission. This requires individualizing imaging approaches to prioritize patients at the highest risk of CTRCD while deferring testing among lower risk individuals.

Importantly, we do not advocate completely omitting testing that would otherwise be clinically indicated. Rather, we attempt to prioritize cardiovascular imaging tests that should ideally be conducted without delay. For other patients, we should consider deferring tests to a later time point after the pandemic resolves, when routine practices are more feasible. Importantly, despite reduced surveillance, careful monitoring of symptoms, cardiovascular risk factor modification, and disease management should continue in all patients.

This Viewpoint focuses on surveillance for patients receiving anthracyclines and trastuzumab. There are no standard guidelines for routine imaging with other cardiotoxic therapies (e.g., vascular endothelial growth factor inhibitor, immune checkpoint inhibitors); these imaging practices should remain unchanged.

Pretreatment Risk Assessment {#sec2}
============================

The American Society of Clinical Oncology guidelines recommend baseline cardiac imaging for individuals receiving potentially cardiotoxic therapies such as anthracyclines and/or trastuzumab ([@bib4]). An implicit objective to these guidelines is the avoidance of longer-term cardiovascular risk rather than short-term cardiovascular risk. These guidelines define increased risk of CTRCD based on the planned treatment regimen and individual cardiovascular risk factors/comorbidities. Although baseline imaging can help identify patients at risk of CTRCD, it may be prudent to limit baseline testing during the pandemic to patients who are more likely to have abnormal test results or are at higher risk for CTRCD in the near or medium term, particularly if it may result in the initiation of cardioprotective medications or affect chemotherapy delivery ([Table 1](#tbl1){ref-type="table"} ).Table 1Suggested Temporary Modifications to Routine Imaging Recommendations in Patients Receiving Cancer Therapy During the COVID-19 PandemicRoutine Practice RecommendationsPotential Modifications During COVID-19Pretreatment: anthracyclinesBaseline imaging if: Baseline imaging before treatment with potentially cardiotoxic therapies ([@bib4],[@bib10])1.History of significant CVD (e.g., MI, cardiomyopathy, arrhythmia, moderate or greater valvular disease)2.Signs and symptoms of cardiac dysfunction3.2 or more risk CV factors for CTRCD[∗](#tbl1fnlowast){ref-type="table-fn"}4.High anthracycline dose (e.g., doxorubicin-equivalent ≥250 mg/m^2^ )[†](#tbl1fndagger){ref-type="table-fn"}Pretreatment: trastuzumabBaseline imaging if: Baseline imaging before treatment with potentially cardiotoxic therapies ([@bib4],[@bib10])1.History of CVD (e.g., MI, cardiomyopathy, arrhythmia, moderate or greater valvular disease)2.Signs and symptoms of cardiac dysfunction3.Two or more risk CV factors for CTRCD[∗](#tbl1fnlowast){ref-type="table-fn"}4.Exposure to anthracycline as part of current or previous treatment[‡](#tbl1fnddagger){ref-type="table-fn"}During treatment: anthracyclines ASCO: Routine imaging surveillance may be considered in asymptomatic patients considered at increased risk of cardiac dysfunction with frequency determined by health care provider based on clinical judgment ([@bib4]) ESMO: after each additional 100 mg/m^2^ beyond 250 mg/m^2^, as discussed elsewhere ([@bib10]) Repeat imaging early upon diagnosis of CTRCD to guide re-initiation of cancer therapy or titrate cardiac medications1.No routine screening in asymptomatic individuals during pandemic but return to institution-specific protocols post-pandemic2.Consider in those with HF signs/symptoms, high doses of doxorubicin-equivalent (e.g. ≥400 mg/m^2^), or those reaching 250 mg/m^2^ with prior CVD or multiple CV risk factors[∗](#tbl1fnlowast){ref-type="table-fn"} with a continued need for anthracycline treatment3.Early repeated imaging upon diagnosis of CTRCD should be performed as per institutional practicesDuring treatment: trastuzumab Variability in practice, FDA package insert recommends baseline imaging and every 3 months during duration of trastuzumab therapy Repeat imaging early upon diagnosis of CTRCD to guide re-initiation of cancer therapy or titration of cardiac medications ([@bib10])1.No prior anthracycline or CVD risk factors,[∗](#tbl1fnlowast){ref-type="table-fn"} consider imaging at 6 and 12 months into trastuzumab therapy only[§](#tbl1fnsection){ref-type="table-fn"}2.Prior anthracycline exposure, CV risk factors,[∗](#tbl1fnlowast){ref-type="table-fn"} with prior normal LVEF, consider follow-up imaging at 3, 6, and 12 months into trastuzumab therapy3.Continue every 3 months imaging if known CVD, HF signs or symptoms, or low normal or reduced LVEF on previous testing4.Metastatic setting: First year: repeat imaging every 6 months. Beyond first year: defer any further imaging if asymptomatic and results of previous studies normal5.In patients who develop CTRCD, repeat imaging to guide ongoing cancer therapy or titration of cardiac medicationsPost-treatment: adult survivors of childhood and adolescent cancers 1.Imaging in childhood cancer survivors: no later than 2 yrs after completion of treatment, at 5 yrs after diagnosis, and every 5 yrs ([@bib14])2.Imaging in adolescent and young adult cancer survivors: every 1--2 yrs in high-risk patients ([@bib15])Avoid screening studies in all survivors until end of pandemic unless there are HF symptoms or a change in cardiovascular statusPost-treatment: adult cancer survivors1.Imaging in high risk asymptomatic patients at 6--12 months post-treatment ([@bib4]) and 2 yrs after treatment/periodically ([@bib10])2.Imaging in symptomatic survivors ([@bib4])Temporarily defer routine follow-up imaging in all patients unless there are HF symptoms or a change in cardiovascular status[^1][^2][^3][^4][^5]

Thus, with anthracycline initiation, regardless of dose, it may be reasonable to prioritize baseline cardiac imaging for patients with: 1) established or suspected CVD based on medical history (e.g., myocardial infarction, cardiomyopathy, arrhythmia, moderate or greater valvular disease); 2) signs or symptoms of cardiac dysfunction; and 3) 2 or more risk factors for CTRCD, including age ≥60 years, hypertension, diabetes, dyslipidemia, smoking, or obesity. Prior research indicates that overt CTRCD is unlikely in the near term in young patients without risk factors ([@bib5]). For other asymptomatic patients, we recommend optimizing risk factors before chemotherapy and deferring imaging until after COVID-19--associated restrictions end.

When considering anthracycline dose as a risk factor for CTRCD, although we recognize that there is no safe dose, the risk rises substantially beyond 250 mg/m^2^ of doxorubicin-equivalent dose with even greater risk at \>400 mg/m^2^ ([@bib4]). However, for adult patients whose only risk factor is a high cumulative anthracycline dose, it may be reasonable to defer imaging until this high-risk dose is reached or at the completion of anthracycline treatment. Because cardiac dysfunction rarely becomes clinically manifest at lower doses or before 3 to 6 months of treatment completion, this approach may allow identification and timely management of patients with CTRCD without baseline measurements ([@bib6],[@bib7]).

Baseline imaging is also commonly performed before trastuzumab initiation. Despite the high rates of trastuzumab-associated CTRCD, these patients often have a favorable clinical course ([@bib8]). Trastuzumab-associated CTRCD is less common without previous anthracycline exposure ([@bib9]). Baseline imaging before trastuzumab can be considered for women with: 1) pre-existing CVD; 2) signs or symptoms of cardiac dysfunction; 3) ≥2 risk factors for CTRCD, including age ≥60 years, hypertension, diabetes, dyslipidemia, smoking, and obesity; and 4) exposure to anthracyclines as part of a previous or current treatment regimen. However, if imaging in the past 6 months shows normal cardiac function (left ventricular ejection fraction \[LVEF\] ≥55%) and the absence of significant valvular disease, additional baseline testing can likely be deferred.

Surveillance During Cancer Treatment {#sec3}
====================================

The optimal surveillance regimen during anthracycline chemotherapy remains incompletely defined. Although the American Society of Clinical Oncology guidelines recommend that surveillance frequency be based on cardiovascular and treatment-related risk factors and clinical judgment, the European Society for Medical Oncology guidelines advocate for additional imaging after every 100 mg/m^2^ of doxorubicin-equivalent anthracycline exposure beyond 250 mg/m^2^ ([@bib4],[@bib10]). A recent multicenter study of 865 patients receiving high-risk cancer treatment regimens (84.5% anthracyclines) with rigorous monitoring showed a high cumulative incidence of CTRCD (37.5%) ([@bib11]). However, the majority were mild (31.6%) CTRCD; moderate (LVEF 40% to 49%) and severe (LVEF \<40% or symptomatic heart failure \[HF\]) CTRCD occurred in only 2.8% and 3.1% of patients, respectively. Mortality was associated with the development of severe rather than mild or moderate CTRCD. It may thus be reasonable to temporarily delay early, routine imaging during anthracycline therapy unless there is a potential immediate impact on clinical decisions. Potential scenarios include signs or symptoms of HF; anthracycline dosages ≥400 mg/m^2^ with need for additional anthracycline therapy; and patients with baseline CVD or high burden of cardiovascular risk factors who received anthracycline dosages ≥250 mg/m^2^ with continued need for anthracyclines. This may allow for less frequent testing during the pandemic while still imaging patients before the occurrence of CTRCD, allowing timely cardioprotective therapy ([@bib6],[@bib7]).

The most common scenario mandating repeated cardiac surveillance during treatment is for patients receiving trastuzumab therapy. European Society for Medical Oncology guidelines and the U.S. Food and Administration package insert recommend surveillance imaging every 3 months during trastuzumab treatment ([@bib10]). However, most routine cardiac surveillance tests during trastuzumab treatment may not result in changes in clinical care ([@bib3]). Hence, during the COVID-19 pandemic, in women without cardiovascular risk factors treated with non-anthracycline regimens, it may be appropriate to only perform imaging at 6 and 12 months. In patients with risk factors for CTRCD such as previous anthracycline exposure, age ≥60 years, hypertension, diabetes, dyslipidemia, smoking, and obesity with a prior normal LVEF, it may be reasonable to consider imaging at 3, 6, and 12 months into trastuzumab therapy similar to clinical trial protocols ([@bib12]). However, patients with a borderline LVEF (e.g., LVEF 50% to 55%), reduced LVEF on a previous study, pre-existing CVD, or any signs or symptoms of HF should continue to have imaging as per current clinical practice. Although exact risk with additional cardiotoxic exposures such as radiation and pertuzumab therapy are not well defined, a similar imaging protocol could be considered in these patients. If clinical concerns regarding the development of HF are raised during telemedicine visits or at the time of treatment, patients should undergo timely imaging ([@bib3]). We reiterate the importance of cardiovascular risk factor modification, disease management, and monitoring of symptoms in these patients.

Patients with metastatic human epidermal growth factor receptor-2--positive breast cancer receiving prolonged human epidermal growth factor receptor-2--targeted treatment are at increased risk for CTRCD ([@bib13]). The median time to CTRCD in this population is ∼8 to 11 months. It is reasonable to conduct testing less frequently in this group during the COVID-19 pandemic. During the first year of therapy, it may reasonable to repeat imaging every 6 months in asymptomatic patients. Beyond the first year, subsequent testing could potentially be deferred until after COVID-19 restrictions are removed for asymptomatic patients if results of all prior studies have been normal.

In patients who develop CTRCD and require cardiac treatments and/or withholding of cancer therapy, repeat imaging should continue as per institutional standards of care ([@bib10]).

Routine Imaging of Cancer Survivors After Treatment {#sec4}
===================================================

Current guidelines recommend long-term surveillance of adult survivors of pediatric, adolescent, and young adult cancers at higher risk based on patient characteristics and treatment exposures ([@bib14],[@bib15]). Because this is a longer-term concern, it may be reasonable to defer routine screening in asymptomatic survivors during this pandemic. Currently, there are no recommendations for routine surveillance in older adult cancer survivors; this should remain the standard unless patients develop HF symptoms.

Considerations for Safe Imaging During COVID-19 {#sec5}
===============================================

Many patients will still require timely cardiac imaging. These studies should be performed with precautions to minimize the exposures ([Table 2](#tbl2){ref-type="table"} ), and the American Society of Echocardiography has developed guidance on how to practice echocardiography safely during this pandemic ([@bib16]). Of note, there are also alternative imaging modalities that can be considered.Table 2Precautions While Performing Transthoracic EchocardiographyPrecautions to ConsiderRationaleDedicated rooms (e.g., in COVID-19--free zones) for immunosuppressed patientsTo avoid using potentially contaminated equipment in immunocompromised patientsUse of "off-site" scanning locationsFor cancer centers that do not have their own echocardiography laboratories, consider using an off-site location where the concentration of COVID-19 exposure may be less or moving a dedicated ultrasound machine to the cancer center"Low exposure risk" sonographers to scan patientsHaving sonographers un-exposed to COVID-19--positive patients and low risk of being asymptomatic carriers (e.g., no travel in past 14 days) may reduce potential risk of transmissionUsing point-of-care ultrasound whenever possible with capacity to store imagesEquipment easier to clean and assessment of LVEF assessment, masses, and pericardial effusions are the priority and can be assessed with these devicesAvoid ECG leadsECG cables are challenging to clean between patients and may become a source of transmissionUse ultrasound transducer sleeves and single-use ultrasound gel packetsUse of disposable protective probe sleeves and gel can minimize transmissionPerform focused studiesBecause the primary question in these patients is left ventricular function, short protocols to assess left ventricular function with focus on two-dimensional imaging may be sufficientUse PPE as per hospital guidelines and specific barriers developed at the institution to protect sonographers and patientsConsider all patients to be asymptomatic carriers and take appropriate precautions. Consider requesting patients to wear masks/gloves if PPE availablePerform analysis after patient encounterAll post-processing should be done outside the clinical room setting to minimize exposure to patientReconsider low-yield testsSonographers and imaging laboratories should actively assess requests for screening tests in cancer survivors and consider in consultation with oncologist/cardio-oncologist if these tests could be safely postponedUse of imaging-enhancing agents in nondiagnostic echo studies onlyLimit use of an imaging enhancement agent to nondiagnostic echocardiogram studies to minimize examination lengthConsider alternative imaging modalities (e.g., MUGA)Alternate imaging modalities (e.g., MUGA scans) which can be performed rapidly while minimizing patient/ technologist exposure (<https://zenodo.org/record/3738020#.XoXsHIhKiUk>)[^6]

Conclusions {#sec6}
===========

Several modifications to routine cardiac imaging practices in cancer patients can be considered during the COVID-19 pandemic. Because there are no data specific to these circumstances, our suggestions are not intended to change long-term practice. Rather, these are temporary measures in which routine testing in asymptomatic patients may be deferred to minimize COVID-19 transmission. The suggestions are informed by existing literature in conjunction with our opinion, which is borne from clinical experience. We recognize that some CTRCD events may be undetected. However, this likely poses a small absolute risk in the short term. Any modifications to local practice patterns should not be enacted unilaterally. They need to be discussed collaboratively among cardiologists and oncologists and carefully with patients, who also need to be educated and informed, with individualization of practices to institutional and patient-specific needs. We believe that such approaches to reduce cardiac imaging during the COVID-19 pandemic will allow the cardio-oncology community to help in "flattening the curve."
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[^1]: ASCO = American Society of Clinical Oncology; COVID-19 = coronavirus disease-2019; CV = cardiovascular; CVD = cardiovascular disease; ESMO = European Society of Medical Oncology; FDA = U.S. Food and Drug Administration; HF = heart failure; MI = myocardial infarction.

[^2]: Age ≥60 years, hypertension, diabetes, dyslipidemia, smoking, obesity.

[^3]: If the only risk factor is high anthracycline dose (e.g., doxorubicin-equivalent ≥250 mg/m^2^), it is reasonable to consider imaging only once the high anthracycline dose threshold is met or after completion of cancer therapy.

[^4]: If imaging in the previous 6 months shows normal cardiac function (left ventricular ejection fraction \[LVEF\] ≥55%) and the absence of significant valvular disease, additional baseline testing can be deferred.

[^5]: Screening at 6 months should likely identify most patients with cancer therapy--related cardiac dysfunction (CTRCD) ([@bib7]).

[^6]: ECG = electrocardiography; MUGAs = multigated acquisition scans; PPE = personal protective equipment; other abbreviations as in [Table 1](#tbl1){ref-type="table"}.
